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Abstract: The potential reuse of rainwater in a Social and Cultural Center of Santo Aleixo (Unhais 
da Serra, Covilhã, Portugal) can reduce drinking water consumption up to 80.1% and can promote 
water savings of around 40,000.00 € in 20 years by combining the use of rainwater with the 
installation of hydraulically efficient equipment’s. 




Climate changes have influenced the variability of the hydrological regime around the world 
and there are still strong anthropogenic pressures over the water resources, which have led to 
changes in water resource management, namely considering water reuse as an alternative source of 
water [1]. The Portuguese National Program for the Efficient Use of Water (PNUEA) [2] for the urban 
sector intends to minimize the use of drinking water in activities that may have the same performance 
with alternative source of waters, namely the reuse of rainwater. 
Rainwater harvesting is done by using pre-existing structures, and can be stored in reservoirs or 
cisterns and used with little or no treatment [3]. Rainwater harvesting systems (RHS) are made up of 
six basic components with very specific functions: catchment or collection surface, transport system, 
filtration, storage, distribution and treatment [4]. In Portugal, the installation and certification of a 
RHS, although is not to much applied, must comply with the established conditions in two technical 
specifications developed by the National Association for Quality in Buildings Installations (ANQIP): 
ETA 0701 [5] and ETA 0702 [6]. Due to the high billing of the drinking water consumption in the 
Social and Cultural Center of Santo Aleixo (SCCSA) (Unhais da Serra, Covilhã, Portugal), the main 
objective of this study was to find possible solutions for reducing the water consumption in the 
residential building. The technical and economic feasibility of four solutions was also analysed. 
2. Materials and Methods 
Building Description and Solutions for the Reduction of Drinking Water Consumption 
The SCCSA is a Private Institution of Social Solidarity, consisting of a residential building 
(Figure 1a) with two floors and a building of new valences (Figure 1b), having in the surrounding 
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area a garden with about 600 m2. It has 27 residents, 27 workers and 4 children in pre-school regime. 
In the 24 sanitary facilities there are 24 flushing cisterns (10 L reservoir), 2 of which have dual flushing 
mechanism and 32 conventional single-lever mixer taps (9 L min−1). 
 
Figure 1. Social and Cultural Center of Santo Aleixo: (a) residential building; (b) building of new 
valences. 
Two options were studied for the reduction of drinking water consumption in the building. The 
first option involved a scenario of replacement and modification of some equipment’s, and the second 
one involved the study of three scenarios for the rainwater reuse [7] (Table 1). 
Table 1. Proposed solutions for the reducing of drinking water consumption. 
Currently Installed 
Equipment 
Proposal of Changes 
Option 1: Replacement and Modification of Some Equipment‘s 
22 single flushing 
cisterns 
32 conventional taps 
Dual flushing cisterns with 6 L/3 L capacity 
Replacement of 19 conventional taps by temporized taps (ground floor) 
Installation of flow reducers in 13 taps (1st floor) 
Option 2: Rainwater reuse 





Supplying of the flushing 
cisterns with rainwater, 
replacing simple discharge 
flushing cisterns by dual 
flushing cisterns with 6 L/3 
L capacity 
Supplying of the flushing cisterns 
with rainwater, replacing simple 
discharge flushing cisterns by 
dual flushing cisterns with 6 L/3 L 
capacity and 
replacement/modification of taps 
For option 2, the recalculation of the building networks was done according to the Regulatory 
Decree no. 23/95, of August 23 [8] and Pedroso [9]. The supply with rainwater will come from a buried 
reservoir in a green area in front of the building, from where the water will be pumped into the water 
supply network. In the calculation of the reservoir volume for rainwater supply, only the water costs 
related to the cisterns were considered, since only these could be supplied with rainwater. Those costs 
were calculated taking into account the number of uses per inhabitant/day during 30 days. In total, it 
was considered a universe of 40 inhabitants [7]. A reservoir with 70 m3 (option 2: scenario 1) and 30 
m3 (option 2: scenarios 2 and 3) would be suitable for the needs of the inhabitants [7]. 
3. Results and Discussion 
3.1. Technical and Economic Feasibility of the Solutions 
Regarding the technical feasibility, the two options considered for the reduction of drinking 
water consumption in the SCCSA can be implemented [7], from the constructive and sanitary 
hydraulic functioning point of view. In the rainwater supply building network, the flow velocities 
are within the suggested range (0.5 and 2.0 m s-1) by [8,9] and the hydropressor group will guarantee 
the minimal pressures needed for the proper functioning of the equipment’s. The economic feasibility 
study was made based on the volumes of water saved, the costs of investment, operation, 
maintenance, inspection, energy costs and returning time of the investment. 
(a) (b) 
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3.1.1. Reduction of the Volumes of Drinking Water 
Table 2 presents the values related to the average annual volume consumed, as well as the 
savings potential associated with each option. 
Table 2. Average annual volumes of water consumed and savings potential. 
Average Annual Volumes of Drinking Water Consumed (m3) 
 
Current 
Consumption Option 1 
Option 2  
Scenario 1 Scenario 2 Scenario 3 
Flushing cisterns 792 285.12 228.7 39.9 39.9 
Taps 285.12 174.24 285.12 285.12 174.24 
Total 1077.12 459.36 513.8 325.0 214.1 
Savings (%) 0 57.4 52.3 69.8 80.1 
According to Table 2, the scenario 1 of the option 2 is the one with the higher water consumption, 
achieving savings of 52.3%. The scenario 3 of the option 2 would lead to greater saving of drinking 
water (80.1%). 
3.1.2. Return of the Investments 
The time needed to recover the investment in the SCCSA was determined by taking into account 
the total investment value, maintenance costs every 10 years, savings in water billing, urban waste 
management and sanitation costs [7]. Initial investment costs include the costs associated with the 
installation of the rainwater supply building network, the installation of building drainage pipes and 
rainwater drainage building network inspection boxes, the excavation associated with the installation 
of the reservoir, the installation of network elements, equipment, hydropressor group, accessories 
and manpower. Applying the current tariffs at the municipality of Covilhã [10] and considering the 
saved volume of water and the average rainfall relative to each month, from January 2001 to August 
2017 [11], the average monthly and annual savings were determined, in relation to the billing of 
water, sanitation and municipal solid waste services for the two options. Table 3 shows the average 
annual savings and the return time of the investment, which is also shown in the Figure 2. 
Table 3. Average annual savings and return time of the investment. 
 Option 1 
Option 2 
Scenario 1 Scenario 2 Scenario 3 
Initial investment (€) 5520.00 € 30,975.08 € 24,172.12 € 25,895.08 € 
Maintenance costs in 10 years (€) 0.00 € 2256.00 € 2256.00 € 2256.00 € 
Average annual savings (€) 2357.13 € 2149.27 € 2869.87 € 3292.95 € 
Return time of the investment (years) 3 15 9 8 
After analysing the results (Table 3), the scenario 3 of the option 2 is the most favourable 
concerning water saving and associated billing costs [7]. From the analysis of the Figure 2, it is 
possible to verify that for the same scenario, within a period of 20 years, savings of around 40,000.00 
€ can be achieved. 




Figure 2. Return time of the investment. 
4. Conclusions 
This study showed that reusing rainwater in a social and cultural center, associated to the 
replacement and modification of existent sanitary equipment’s, can lead to water consumption 
reductions of 80.1% and savings of around 40,000.00 € in 20 years. The turnover of the investment 
will be achieved in 8 years. 
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